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Industry is demanding ever-greater volumes of water, while at the same time producing wastes and
efﬂuents, which in many places taint and damage the quality of this precious resource on which all life
depends. This article formalizes a systematic water mass balance framework to quantify all anthro-
pogenic and natural water ﬂows into, water ﬂows inside and efﬂuents out of the industrial parks.
Quantitative performance indicators are derived, including management and operation indicators. The
approach makes visible large ﬂows of water that have previously been unaccounted and ignored. In
2012–2014, the water consumption, which made up 59.5–90.2% of industrial water withdrawal, was 8.5–
51.2% higher than wastewater generation. The approach demonstrates how the principles of water bal-
ance can help robust water accounting, monitoring, optimum operating and management in industrial
parks. Furthermore, performance indicators could evolve to a useful tool for leading to more systematic
analysis of the impact of industrial design and management.
& 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The attention paid to industrial water management varies
considerably industrial scale from region-to-region and ecological
health concerns [1]. The industrial activities, however, can lead to
severe pollution and resource depletion, especially water pollution
and water depletion, because many industrial parks are located
along the rivers for convenient water supply and transport [2].
Large amounts of water are consumed and wastewater is treated
through the integrated wastewater treatment plants, which have
been adopted by most industrial parks [3]. The increasing de-
mands for water supply and deteriorated water quality have been
important constraints to the sustainable development of industrial
parks. Industrial-scale wastewater reuse, wastewater treatment
and decentralized supplies are a reliable and practical way to cope
with these problems. This trend creates an enhanced need to
understand water ﬂows through and within the industrial park
boundary [4].
A mass-balance approach is useful in examining the water
management that an approach requires comparison of inputs and
outputs. Transformation refers to alteration of mass water (the
state in which the mass water is transported) from inﬂow toB.V. This is an open access article u
am).outﬂow waters, without changing the total mass water that en-
tered the system. The water mass balance analysis has been used
for urban water [5,6], biodiesel production [7], water basin [8],
lake [9], base metals [10], etc. However, this approach has not yet
been applied in industrial park because of poor data availability
and quality. In developing countries like Vietnam, the number of
industries that manage water in a systemic and holistic way is
limited. Water management in the majority of industries is limited
to ensuring the provision of water, and some efforts to control or
treat efﬂuents [3].
Hence, the paper describes the industrial water mass balance
analysis in contribution method and material to enable quantita-
tive benchmarking of the water performance of industrial parks
and give better understanding of water metabolism in these areas.2. Methodologies
2.1. Case study
Industrial parks in Vietnam have developed rapidly since 1986
and there are 289 industrial parks throughout the country. Dong
Nai province located in the South of Vietnam and is leading the
country in the number of industrial parks. Dong Nai province
currently has 31 industrial parks with total area of 9573 ha in-
cluding various industrial sectors. This rapid industrializationnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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and a great pressure on the natural resources. The water man-
agement in the industrial parks in Dong Nai meets number of
problems such as: (i) inaccurate forecasting of water quantity, and
(ii) un-control the quantity and quality of efﬂuent. Hence, in this
case study, the water metabolism in industrial parks will be ex-
amined by water mass balance analysis methods, as the basis to
explore this tool in industrial water management.2.2. Data acquisition
A questionnaire survey on water use, water contribution and
efﬂuent generation was conducted through 31 industrial parks in
Dong Nai province; and limited to the industrial parks had fully
yearly environmental monitoring report. The acquisition of data
for the case study was done through a questionnaire-survey, ex-
pressly developed for the study. The inquiries contained 14 ques-
tions, grouped into four blocks: (i) characterization of enterprises:
industrial sector, products, number of labors, etc.; (ii) water con-
sumption, wastewater reuse: sources and ﬂows; (iii) water service:
water supply, connection of drainage system; and (iv) wastewater
production: generation, composition, ﬂows and treatments.
Questionnaires were hand-delivered and later gathered from
each enterprise in industrial parks in Dong Nai province. In some
cases, the information was completed with face-to-face or tele-
phone interviews. Matric for water balance analysis was con-
structed using inquiry data. Each row of the matric represented an
enterprise, while each column represented a component of water
balance analysis (ie., water consumption, wastewater generation,
wastewater treated, water losses, etc.). Several problems arose
while revising the inquiries data: some enterprises, industrial
parks had not fully completed the questionnaires, so there were
many unknown ﬂows; much erroneous data were also found.
Water balance was applied to each enterprise in order to verify the
data (ﬁnd the erroneous values) and to quantify unknown water
ﬂows. After applying this methodology, 19 industrial parks were
discarded because of the incongruity in the data given, and the
ﬁnal analysis was done for 12 industrial parks with 664 en-
terprises (Fig. 1).Fig. 1. Map of Dong2.3. Mass balance analysis
The industrial water use survey was carried resulting in crea-
tion of water ﬂow balances. In order to systematize, the method of
mass balance analysis was applied. A system is deﬁned by a system
border, processes, goods and ﬂuxes of goods between the different
processes. This approach was deemed to be necessary in this
analysis to enable the identiﬁcation of areas where water could be
recycled, use of raw materials and other inputs optimized and
where closed loop systems could be implemented [11].
The application of the method consists in ﬁve steps [12], ﬂow
diagram of mass balance analysis was given in Fig. 2, as following:
● First the system has to be analysed: the system border has to be
deﬁned, the most important processes have to be characterized
and the indicator elements have to be chosen.
● In a second step, system description. The system is deﬁned by
boundaries in space and time. The mass ﬂuxes of input and
output through the different processes and the concentration of
the indicator elements are measured. With the results of step
two, the element ﬂuxes can be calculated.
● The third step, data acquisition consists in the interpretation and
validation of the determined material and element ﬂuxes.
● The forth step water balances, modeling and scenario building
consists in the development of scenarios and the determination
of monitoring points. For this step the mathematical description
is very important.
● The last step is interpretation. The results of water balance analysis
study are interpreted taking into consideration loading quantities,
sustainable indicators or other assessment approaches.
2.4. Signiﬁcant issues in the adaptation of water balance analysis to
industrial parks
When water balance is adapted to industrial parks, some as-
pects should be pointed out:
● Depending on the industrial park's location, water balance
analysis can suppose important environmental impacts.
● Whereas at national and provincial level most of the data are
statistical, in industrial parks data are given by the enterprises,Nai province.
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Fig. 2. Flow diagram of mass balance analysis.
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Additionally, water ﬂows and wastewater generation associated
to enterprises’ production should be estimated in situ, because
the coefﬁcient used at national level could give erroneous va-
lues. Furthermore, the results of water ﬂows and wastewater
generation for industrial parks could be used in the develop-
ment of statistical basis to estimate indirect ﬂows at national or
provincial level.
● Water balance analysis should be evaluated for the whole in-
dustrial parks in province and for its subsystems (the industrial
park), in order to measure the water ﬂow in industrial parks for
comparison among them and to detect opportunities for im-
provement of the water management.
● The data basis created to evaluate water balance analysis's in-
dicators will be the main tool to detect these opportunities.
Thus, not only the indicators deducted from water balance
analysis are useful, but also the data necessary to obtain them.3. Result and discussion
3.1. Surveyed water use in industrial sectors
The summary of industrial parks and enterprises information in
2014 was given in Table 1. The industrial sectors in industrial parks
in Dong Nai province were divided into 12 groups, such as food &
beverage processing, chemical manufacturing, textiles & leather,
mechanical & metal manufacturing, gas manufacturing, electronic
equipment manufacturing, packaging and furniture manufactur-
ing, tile and ceramic manufacturing, cosmetic production, plastic
products, construction materials and other. The enterprises in
other group mainly provide the service for industrial parks such
as: water supply, electric supply, logistic enterprises, etc. The
portion of industrial sectors in Dong Nai province is expressed in
Fig. 3. The food & beverage processing, textiles & leather, me-
chanical industry & metal product made up high portion of in-
dustrial sector in Dong Nai province. The water use andTable 1
Summary of industrial parks and enterprises information in Dong Nai province in 2014
No Industrial park Area (ha) Occupancy rate
(%)
Number of workers
(person)
Nu
en
1 Tan Phu 54 7.4 1300
2 Giang Dien 529 0.2 219
3 Nhon Trach
3GD1
361 73.0 4717 3
4 Go Dau 181 100.0 3791 2
5 Bau Xeo 500 87.0 30,000 2
6 Amata 513 76.0 82,909 12
7 Long Thanh 488 79.0 12,581 11
8 Bien Hoa 2 395 100.0 77,660 12
9 Nhon Trach
3GD2
337 100.0 10,436 3
10 Bien Hoa 1 335 100.0 23,995 8
11 Song May 157 82.0 34,475 5
12 Tam Phuoc 323 100.0 22,559 5
Total 4173 304,642 66
FP – Food & beverage processing, CI – Chemical manufacturing, T&L – Textiles & Leather
equipment manufacturing, P&F – Packing & furniture manufacturing, TC – Tile & ceram
struction materials.wastewater generation of enterprises depended on industrial
sectors, production process and water management [10].
3.2. Water mass balance to industrial parks
3.2.1. Mass balance
Mass balance analysis is a tool that has been widely used to
understand natural and constructed systems. Mass balances can be
completed at a wide range of spatial and temporal scales, from
potted plants through whole industrial parks. It can be used to
evaluate the movement of a wide range of materials and sub-
stances [5]. This paper utilizes volume for mass ﬂows of water.
3.3. Water use in industry
Fig. 4 is diagram of typical water use for an industrial plant. In
industrial parks, water is used in a wide range of activities, such
as: (i) production processes such as incorporation in the ﬁnal
product, washing or rinsing of raw materials or ﬁnal products, etc.;
(ii) auxiliary processes such as preparation of solvents or slurries,
cleaning of equipment and space, removing or providing heat, etc.;
(iii) domestic use such as meeting hygienic and domestic needs;
(iv) outdoor use such as irrigation of landscape space. Water losses
volume can be appeared through evaporation, drainage, con-
densation or losses during production and auxiliary processes. The
water supply is mainly from water piped network, drilled wells
and surface water. Reuse of wastewater is more complex in in-
dustry because different water demand will be required speciﬁc
water quality.
3.3.1. Developing water mass balance to industrial parks
The key concept of a mass balance is that it accounts for all
water movement through in a deﬁned volume in area of industrial
park. Mass and volumetric balances are based on principles of
conservation of mass over time. An important aspect of mass
balance theory is that a powerful cross - check can be undertaken
through comparison of the independently measureable quantities.
mber of
terprises
Industrial sector of the enterprises
FP CI T&L MI GP EP P&F TC CO PP CM Other
1 1
2 1 1
3 3 0 7 4 2 0 3 0 0 3 3 8
4 0 12 0 0 4 1 0 4 0 1 0 2
2 7 1 6 2 0 1 2 0 0 0 0 3
7 9 17 20 15 2 21 9 0 5 10 0 19
1 10 6 23 20 11 9 1 0 2 13 6 10
4 14 6 18 25 5 10 3 0 0 13 5 25
0 0 3 3 11 0 5 2 1 0 3 1 1
4 11 9 6 15 0 9 8 3 0 3 6 14
2 10 2 9 18 0 0 4 0 0 0 0 9
4 3 3 4 6 0 0 29 1 0 3 0 5
4 68 59 97 116 24 56 61 10 7 49 21 96
, MI – Mechanical & metal manufacturing, GP – Gas manufacturing, EP – Electronic
ic manufacturing, CO – Cosmetic manufacturing, PP – Plastic products, CM – Con-
Fig. 3. Portion of industrial sector in industrial parks in Dong Nai province.
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Eq. 1 summarizes the water mass balance for industrial park,
with boundary (B)
Δ = − ( )S Q Q 1i o
hereΔS is the change in stored water volume (or mass) within the
boundary, Qi is total volume of inputs, Qo is total measured volume
of outputs.
In this paper the system boundary (B) was deﬁned as the area
of the industrial park in above industrial parks. Bulk surface water
storage located outside industrial parks and ground water aquifers
beneath in these areas were not considered as part of the system.
Similarly, inﬂows to and outﬂows from the industrial parks via
natural rivers and creeks (i.e., ﬂow originating outside industrial
park) were excluded from the boundary. These exclusions were
base on two reasons. First, our intention was to understand how
water use in industrial parks in regard to their exchange of waterFig. 4. Water use inwith “the environment”. If including these elements within the,
balance would internalize the industrial park – environment ﬂows
and cause them to be non consequential for the water balance.
Second, adopting a boundary that is likely to have a low value of
stored water (S) will lead to increased accuracy in future water
balances. This is because a small ΔS value means a small differ-
ence in Qi and Qo could be theoretically detected and validated and
hence a tighter overall analysis undertaken.
While urbanwater estimates depend on deﬁnitions relating to land
use, rainfall, evapotranspiration [5], industrial water estimates base on
the production processes, products, etc. Water is used by industry in a
myriad of ways: for cleaning, heating, or cooling; for generating steam;
for carrying dissolved substances or particulates, such as a raw ma-
terial, a solvent and as a constituent part of the product itself (for
example, in the beverage industry). The water, which is consumed by
industry, is therefore the water that evaporates, as well as the water
that remains in the product, the by-products or the solid waste gen-
erated. The balance of the water is discharged after use as wastewater
or efﬂuent. This is why the total withdrawal of water by industry from
water sources is often much more than the water, which is actually
consumed. Base on the breakdown of water use in industry, the water
balance of an industrial park is described in Eq. (2).
= + ( )I C E 2
where I is the water withdrawal by industry, C is the water con-
sumption by industry, E is the industrial efﬂuent discharge.
The water withdraw by industry (I), which can be considered as
water inﬂow, is equal to the total of water supply (WS) and water
reuse (Re) in industrial park. Reuse within the industrial parks is
challenging to deﬁne because it may or may not occur within the
system boundary. Reuse water during production process schemes
that transport recycled water base on type of industry and speciﬁc
production processes; for example, cooling and heating water in
steel production. Because these volumes were relatively and the
boundary not well developed, reuse volumes during production
process were not documented and considered internal to the
water use for production process. Hence, the wastewater reuse
(Re) is deﬁned the treated wastewater reusing for outdoor use
(water the plant and clean up the road) within industrial park.industrial plant.
Table 2
Performance indicators in water management in industrial parks.
Indicators (unit) Expression Formula
Management indicators
Intensity of water use (m3/ km2) Total water use/area (DþP)/A
Water supply service coverage
(%)
Number of company using water
supply/total company
Drainage system coverage (%) Number of company connect to
drainage system/total company
Centralize wastewater treat-
ment coverage (%)
Wastewater treated/ Wastewater
discharge
E/WW
Operation indicators
Water supply fromwater supply
piped network (%)
Piped water/total water supply WSP/WS
Water supply from ground wa-
ter (drilled well) (%)
Ground water/total water supply WSG/WS
Water supply from surface wa-
ter (river) (%)
Surface water/total water supply WSS/WS
Water for production use (%) Water for production use/total
water use
P/C
Water for domestic use (%) Water for domestic use/total wa-
ter use
D/C
Water losses (%) Water losses/total water use L/C
C – water consumption by industry (m3/day), P – water in production process (m3/
day), D – water for domestic use (m3/day), L – water losses (m3/day), E – wastewater
treated (m3/day), WW – wastewater discharge (m3/day), WS – water supply (m3/
day), WSP – water supply from piped water (m3/day), WSG – water supply from
ground water (m3/day), WSS – water supply from surface water (m3/day), A – area
(km2).
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volume, includes total of water in production process (P), water for
domestic use (D) and water losses (L). The water losses (L) can
appear during production process, evaporation, leackage from
water supply network in industrial park, efﬂuent discharge not
connect to drainage system in industrial park. Similar philosophy
as water reuse during production process, evaporation, water
supply piped network leackage were not documented; hence, the
water losses (L) is only wastewater not discharge to drainage
system within industrial park.
The industrial efﬂuent discharge (E) is the water outﬂow or
efﬂuent discharges from centralize wastewater treatment plant in
industrial park.
A number of other water ﬂows could also be discussed in this
model but were ignored. For example, some water enters or leaves
industrial parks in the form of products, such as raw materials of
food processing, drink, bottle water and the juice of fruit for do-
mestic use are examples. This amount was assumed insigniﬁcant
in the industrial parks studied. This volume of water should not be
confused with much larger “virtual water” ﬂows through the in-
dustrial parks, which related to the water need needed to produce
a product. Only the actual water in the product (as H2O molecules)
is included in a water mass balance. Some terms are inter-
dependent. For example, centralized water supply (WS) and
rainwater inﬂuences wastewater generated. It is logical that the
input affects the output; however, the greatest error when one
input affects another input. Until a relationship can be derived
between rainfall and decentralized water sourced from each in-
dustrial park in question, this cannot be addressed quantitatively,
only highlighted as an assumption. These interdependencies were
judged insigniﬁcant for this analysis. In order to develop a general
model used for other industrial parks, all the parameters related to
water mass balance will be addressed in the model and neglected
in the case study due to the available data.
3.3.2. Performance indicators derived from the balance
Set of indicators was derived from the balance to illustrate the
extent and signiﬁcance of various natural and anthropogenic wa-
ter ﬂow. The performance indicators of water management in in-
dustrial zones were divided into 2 main groups: management and
operation indicators. The management indicators can be used for
water management in existing industrial zones; the operation
indicators will also be used for water management in existing
industrial zones as well as for forecasting water generation in
planning industrial zones (Table 2). The detail is given as
following:
(1) Management indicators
● Intensity of water use (m3/ km2)
● Water supply service coverage (%)
● Drainage system coverage (%)
● Centralize wastewater treatment coverage (%)
(2) Operation indicators
● Water supply from water supply piped network (%)
● Water supply from ground water (drilled well) (%)
● Water supply from surface water (river) (%)
● Water for production use (%)
● Water for domestic use (%)
● Water losses (%)
3.4. Water balance analysis
Guided by Eq. (2), the water balances analysis for industrial
parks was used the following steps: (i) system selection, (ii) water
balance data compilation, estimation, or estimation, or modeling;
and (iii) performance indicator analysis.3.4.1. System selection
Twelve industrial parks were selected for analysis on the basis
of their size and growth: Tan Phu, Giang Dien, Nhon Trach 3GD1,
Go Dau, Bau Xeo, Amata, Long Thanh, Bien Hoa 2, Nhon Trach
3GD2, Bien Hoa 1, Song May and Tam Phuoc. The system boundary
adopted was the industrial park footprint. The areal extent of the
system boundary for these industrial parks was adopted from
Dong Nai Industrial Park Management Broad report [13]. This in-
clude land for purposes such as manufacturing, internal transport,
wastewater treatment, centralized water supply, car parking.
3.4.2. Water balance data compilation, estimation, and modeling
The time period 2012–2014 was adopted due to data avail-
ability. Data for the area of the industrial parks (A), number of
workers, and all parameters of Eq. (2) were assembled from public
and environmental monitoring reports, research reports, survey
form and estimation.
Water withdrawal, water consumption and efﬂuent discharge
from industrial parks, in m3/day for the 12 industrial parks, is gi-
ven in Table 3; and portion of water consumption and wastewater
generation is represented in Fig. 5. The average of water with-
drawal from studied industrial parks is 12,731 m3/day. From the
Table 3, the water consumption made up 59.5–90.2% of industrial
water withdrawal, in which water use for production also made up
49.3–88.7% of water consumption. Thus, implementing improve-
ment strategies in these industrial parks is essential in order to
decrease the system's water consumption. It is also important for
water consumption to distinguish between imported (piped wa-
ter) and domestic water (ground water and surface water). Stra-
tegies focused on minimization and reutilization will suppose a
diminution of the water consumption of systems or subsystems;
whereas in the case of a substitution of water imported by a sys-
tem's own resources (i.e. use of rain and ground water), water
consumption will remain constant, but the domestic/imported
water relation will increase [14]. By analyzing water consumption
and comparing it with wastewater generation, it can be observed
from Fig. 5 that the water consumption was higher than waste-
water generation, supposes higher 8.5–51.2% of wastewater
Table 3
Water balance of twelve industrial parks (2012–2013).
No Industrial
park
Area (ha) Occupancy
rate (%)
Number of com-
panies
(company)
Number of
workers
(person)
Water withdrawal
by industry (m3/
day)
Industrial ef-
ﬂuent discharge
(m3/day)
Water consumption by industry (m3/day)
Water
losses
(m3/day)
Water for do-
mestic (m3/
day)
Water for pro-
duction (m3/day)
1 Tan Phu 54 7.4 1 1300 300 40 60 65 135
2 Giang Dien 529 0.2 2 219 527 150 56 11 310
3 Nhon Trach
3GD1
361 73 34 4717 2665 762 238 236 1429
4 Go Dau 181 100 24 3791 6412 1581 519 190 4122
5 Bau Xeo 500 87 22 30,000 7214 700 1843 1500 3171
6 Amata 513 76 127 82,909 16,993 4647 203 4145 7997
7 Long Thanh 488 79 110 12,581 22,287 9000 879 629 11,779
8 Bien Hoa 2 395 100 124 77,660 36,288 4800 11,800 3883 15,805
9 Nhon Trach
3GD2
337 100 30 10,436 34,738 4467 4637 522 25,112
10 Bien Hoa 1 335 100 84 23,995 16,398 6511 427 1200 8260
11 Song May 157 82 52 34,475 4500 1100 0 1724 1676
12 Tam Phuoc 323 100 54 22,559 4448 1800 0 1128 1520
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
Water consumption
Wastewater generation
Fig. 5. Water consumption and wastewater generation in industrial parks in Dong
Nai province.
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industrial parks had water consumption 30.1–51.2% higher than
wastewater generation.
To compare the water balance of different industrial sectors
within industrial park, the result of water mass balance in Long
Thanh industrial park is represented in Fig. 6. The average of water
withdrawal from Long Thanh industrial park is 22,287 m3/day, in
which textile & leather with 23 enterprises used highest amount of
water, made up 15% proportion of total water withdraw of in-
dustrial park (16,284 m3/day). By analyzing water consumption and
comparing it with efﬂuent discharge, it can be observed that the
water consumption in production process in industrial park made
up 28–53% of industrial water withdraw, and the efﬂuent discharge
made up 40–45% of. This difference is directly related to dissipative
uses of water, such as irrigation and evaporation process; and in-
dustrial products contained water (such as brewery, soft drink
bottle, chemical products); and industrial sectors within industrial
zones. Apparently, the enterprises with a high wastewater genera-
tion were the ones that have the highest water consumption due to
their products. For example, the food processing and textiles &
leather product contained high water consumption and generate
high efﬂuent during production processes (eg., cleaning raw ma-
terials and products). Thus, the industrial products and industrial
sectors, production processes are the important focus of water
consumption and waste water generation.3.5. Performance indicator analysis and discussion
The performance indicators were used to compare water bal-
ances for the studied industrial parks and given in Table 4. From
Table 4, the denser industrial parks, which have the occupancy
rate of 100% such as Go Dau, Bien Hoa 2, Nhon Trach 3GD2, Bien
Hoa 1 and Tam Phuoc, are likely to have more high-rise develop-
ment with high intensity of water use.
Base on the result of Table 4, the industrial parks in Dong Nai
province were mostly use piped water supply, connect to drainage
system and had wastewater treatment plants. Water use for pro-
duction is made from 34.2% to 72.3% of industrial water withdraw
in twelve industrial parks. Wastewater treated varied from 27.5%
to 95.8% of industrial efﬂuent discharge, only Song May and Tam
Phuoc industrial parks had 100% wastewater treated. Practically,
however, many factors limit how much of such water can actually
be used, reuse and losses in production process. These factors in-
clude desired water quality and quantities, technologies current
industrial parks conﬁguration, and the availability of appropriate
storage sites. Nonetheless, awareness of these volumes is a ﬁrst
step toward designing and evaluating future industrial parks that
draw less on the environment and expect less the environment to
assimilate waste [15].
Industrial water management strategies with the intention to
minimize water consumption and minimize wastewater generation,
and to improve water productivity, can be either internal or ex-
ternal. Internal strategies are those measures that are required to be
taken at a factory level in order that water consumption and was-
tewater generation are controlled. External strategies are measures
that are required at the industry level, or are taken in the context of
local, regional or national water management in industries [16].
Base on the ﬁeld survey results, the factory management does not
control these strategies, although in most cases some measures are
required at factory level in response. The nature and number of a
particular type of industry present in a locality or a region can
signiﬁcantly inﬂuence these strategies. Some of these strategies are
summarized as follows: (i) grouping of industries in a particular site
(industrial parks) and having combined treatment methods and
reuse policies; (ii) rationing or target setting for water use within
industry, so that each process uses a deﬁned quantity of water; (iii)
applying economic instruments such as penalties, water charges,
subventions, credits and grants.
National water conservation policy, also called water demand
management, is the key factor in water recycling and reuse in
industries. It forms an important component of national water
Fig. 6. Water balance analysis in Long Thanh industrial park.
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industrial water withdrawals and wastewater discharges are still
free and unregulated. Both regulation and the imposition of
stepped water tariffs according to the volume of water used are
key instruments for governments to use in these situations.
Compliance with stringent efﬂuent requirements can force in-
dustries to implement new technologies to reduce efﬂuent dis-
charges. Fines for non-compliance and the threat of closure for
repetition of non-compliance can also signiﬁcantly achieve higherTable 4
Performance indicators derived from balances.
No Industrial
park
Management indicators Ope
Intensity of
water use
(m3/ha)
Water sup-
ply service
coverage (%)
Drainage
system cov-
erage (%)
Centralize was-
tewater treat-
ment coverage
(%)
Wat
from
supp
netw
1 Tan Phu 0.3 100.0 100.0 40.0 100.
2 Giang Dien 0.001 100.0 100.0 72.8 100.
3 Nhon Trach
3GD1
3.4 100.0 100.0 76.2 100.
4 Go Dau 23.8 100.0 100.0 75.3 100.
5 Bau Xeo 8.1 100.0 100.0 27.5 100.
6 Amata 18.0 100.0 100.0 95.8 100.
7 Long Thanh 20.1 100.0 100.0 91.1 100.
8 Bien Hoa 2 49.8 100.0 100.0 28.9 100.
9 Nhon Trach
3GD2
76.1 100.0 100.0 49.1 100.
10 Bien Hoa 1 28.2 100.0 100.0 93.8 100.
11 Song May 17.8 100.0 100.0 100.0 100.
12 Tam Phuoc 8.2 100.0 100.0 100.0 100.recycling and reuse. Higher charges for raw water can be applied
to industries using large volumes of water.
3.5.1. Opportunities to improve balance deﬁnition
A consistent deﬁnition of industrial sectors and land use of in-
dustrial parks would improve water balance analysis. Classiﬁcation
of the role that water reuse and water losses during production
process contribute to the mass balance is warranted, together with
consideration of the system boundary.ration indicators
er supply
water
ly piped
ork (%)
Water sup-
ply from
ground wa-
ter (drilled
well) (%)
Water sup-
ply from
surface wa-
ter (river)
(%)
Water for
production
use (%)
Water for
domestic
use (%)
Water
losses
(%)
0 0.0 0.0 51.9 25.0 23.1
0 0.0 0.0 82.2 2.9 14.9
0 0.0 0.0 75.1 12.4 12.5
0 0.0 0.0 85.3 3.9 10.7
0 0.0 0.0 48.7 23.0 28.3
0 0.0 0.0 64.8 33.6 1.6
0 0.0 0.0 88.7 4.7 6.6
0 0.0 0.0 50.2 12.3 37.5
0 0.0 0.0 83.0 1.7 15.3
0 0.0 0.0 83.5 12.1 4.3
0 0.0 0.0 49.3 50.7 0.0
0 0.0 0.0 57.4 42.6 0.0
T.T. Pham et al. / Water Resources and Industry 13 (2016) 14–21 21Because only a single snapshot has been taken of the twelve
industrial parks, it was not possible to deﬁne the impact of in-
dustrial parks. Sensitivity and uncertainty analysis would help
identify which parameters are inﬂuencing the results and the error
of the results most signiﬁcantly.
Lack of analysis of storage water volume (S) is a limitation.
Approaches for quantifying S warrant consideration. Estimation of
stored water and its ﬂux over time would provide a valuable in-
dependent cross-check for the differences between input and
output ﬂows.
Local conditions, including operation rate, land use and water
demand of each industrial sectors signiﬁcantly inﬂuence water
balance. Analysis of these components in more detail could help
explain why industrial parks proportionally lower wastewater
ﬂow to centralized water supply ratios. The inﬂuence of local
conditions deserves further attention, particularly given that local
solutions are needed to address water issue.4. Conclusion
In spite of poor data availability and quality the water balance
analysis and its mathematical formulation can be applied as an
instrument for the early recognition of environmentally relevant
material ﬂux changes in Vietnam. The surveyed water use in in-
dustrial sectors show that the food & beverage processing, che-
mical manufacturing, textiles & leather, electronic equipment
manufacturing consume high water use; the mechanical & metal
manufacturing, packaging and furniture manufacturing, tile and
ceramic manufacturing consume medium water use; and the gas
manufacturing, cosmetic production, plastic products, construc-
tion materials consume low water use. In Dong Nai, the water
consumption, which made up 59.5–90.2% of industrial water
withdrawal, was 8.5–51.2% higher than wastewater generation.
The industrial parks studied varied with regard to their potential
for water use for production and wastewater treated to meet total
water demand 34.2–72.3% for water use for production, 27.5–95.8%
for wastewater treated). The approach demonstrates that these
industrial parks are not currently well designed to take advantages
of water use.
Improved analysis and reporting of water use as well as was-
tewater generation and wastewater treated is necessary to im-
prove accuracy. In all industrial parks, improved data on waste-
water and water reuse is necessary.
Wide use of performance indicators based on mass balance
analysis would help industrial parks planners identify total ﬂow of
water through industrial parks. This would likely lead to more
systematic analysis of the impact of industrial design and water
management. It also would help quantify the water sensitive and
low impact industrial parks of the future.Acknowledgements
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